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Summary 
Various pathological factors accompanying any cardiac surgery can cause intraoperative systemic inflam-

matory responses (SIR). As the number of cardiac surgical interventions grows worldwide, the issue of SIR pre-
vention appears highly relevant. 

Aim of the study. To determine the effect of not using donor blood components in the priming of the car-
diopulmonary bypass circuit in children with septal congenital heart defects, operated under cardiopulmonary 
bypass, on the severity of SIR. 

Material and methods. A prospective, randomized study included 40 children with a median age of 14 [12–22.5] 
months and weight of 8.8 [7.25–11] kg. All patients underwent radical correction of septal defect under cardiopul-
monary bypass. The patients were divided into two groups depending on the use of donor blood components 
for priming the CPB. The severity of SIR was assessed using four specific serum biomarkers such as interleukin 
1b (IL-1b), interleukin 6 (IL-6), interleukin 10 (IL-10), and tumor necrosis factor alpha (TNF-α), measured before 
the operation, after the CPB and 16 hours after the surgery. In addition, the intra- and postoperative periods 
were evaluated. 

Results. The safety of the proposed strategy of skipping the donor blood was confirmed by lack of any 
organ dysfunction in all patients, as well as a significant difference in the balance of oxygen delivery and 
consumption. In addition, the levels of systemic inflammation markers after CPB were significantly higher 
in patients who had transfusion: IL-1b was 3.3 [3.2–3.48] pg/mL vs 2.86 [2.7–3.11] pg/mL (P=0.003) and TNF-α 
reached 1.81 [1.37–3.3] pg/mL vs 1.33 [1.26–1.76] pg/mL (P=0.034). Meanwhile, 16 hours post surgery, IL-6 
and IL-10 levels were significantly higher in the group using donor blood components with IL-6 being 
48.91 [33.89–57.6] pg/mL vs 31.56 [26.83–48.89] pg/mL (P=0.087) and IL-10 reaching 0.8 [0.76–1.43] pg/mL 
vs 0.69 [0.6–0.83] pg/mL (P=0.005). 

Conclusion. The study demonstrates and confirms the safety and efficacy of cardiopulmonary bypass with-
out using donor blood components to reduce the severity of the systemic inflammatory response in children 
undergoing correction of septal congenital heart defects. 
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Introduction 
Any surgery is associated with factors such 

as anesthetics, changes in blood gas and acid-
base balance, hemodynamic instability and many 
others, which can initiate systemic inflammatory 
responses (SIR) [1]. All these factors can be seen 
in pediatric congenital heart defects surgery char-
acterized by large volume, invasiveness, and tissue 
damage as well as the use of cardiopulmonary 
bypass (CPB). The latter is associated with such 
abnormal factors as blood contact with the surface 
of the CPB circuit and the ambient air in the car-
diotomy reservoir, hemodilution, exposure of 
blood cells to roller pumps, and non-pulsatile 
blood flow [2–4]. All these and other factors can 
trigger the first phase of SIR that initiates both 
humoral (complement system, coagulation system, 
cytokine release) and cellular (activation of white 
blood cells and platelets) reactions. Then the 
second phase ensues due to ischemia-reperfusion 
caused by aortic constriction and non-physiological 
nature of blood flow during CPB [2]. Besides, chil-
dren, especially in their first year of life and weigh-
ing less than 10 kg, are highly susceptible to SIR 
development due to physiological characteristics 
[5, 6]. Multiple underlying mechanisms and causes 
of SIR warrant employment of various approaches 
to SIR control including intraoperative adminis-
tration of steroids [7]. However, several studies 
demonstrated lack of effect of steroids on the risk 
of SIR even at high doses as pulse therapy [8, 9]. 
Increased hopes were pinned on hypothermia, 
but even its deep level, up to 24°C, during CPB in 
children also failed to reduce the risk of CHD [10]. 
Several interesting studies have shown a decrease 
in the level of inflammatory mediators during 
CPB in hypothermia group, however, no difference 
was found between the groups immediately after 
the main stage of surgery, indicating a delay 
release, rather than reduction in the total level of 
mediators [11]. In pediatric cardiac surgery, both 
standard and modified ultrafiltrations have proven 
to be effective in significant reducing the SIR in-
tensity [12]. The similar effect was observed when 
using the WBC filters during CPB [13].  

Another way of controlling CPB during cardiac 
surgery could be restricting transfusion of donor 
blood components. A mismatch between extra-
corporeal circuit volume and circulating blood 
volume of the child, especially in the first year of 
life, which can lead to critical hemodilution, is 
characteristic of surgeries using CPB. To prevent 
this complication, donor blood components (most 
commonly, red blood cell mass) are used for 
priming the CPB. However, several studies have 
demonstrated that transfusion itself can trigger 
SIR [14]. Currently, there is no common strategy 

on the use or avoidance of transfusion in children, 
especially those weighing 7 to 10 kg. Therefore, 
the issue of so-called «bloodless perfusion» in chil-
dren is relevant both in terms of safety and effec-
tiveness for the reduction of intraoperative SIR. 

Material and Methods 
The study was performed at the Department of 

Anesthesiology and Critical Care of the Research In-
stitute for Complex Issues of Cardiovascular Diseases 
(RICID), Kemerovo, Russia. Forty children aged 6 to 
36 months, mean age 14 [12–22.5] months, weight 
8.8 [7.5–11] kg, who underwent planned radical cor-
rection of interventricular or interatrial septal defect 
under CPB, were examined. Power analysis was per-
formed according to the formula n=(t2*P*Q)/�2, 
where t is the critical value of Student test at the ap-
propriate significance level (0.05); � is the marginal 
error (%); p is the proportion of cases in which the 
studied parameter was found (%); Q is the proportion 
of cases where the studied parameter was not found 
(100-P). According to this calculation, 196 patients 
were to be included in the study. However, since the 
effect of limiting red blood cell transfusion in reducing 
the severity of SIR was significant, a smaller sample 
of patients participating in the study was sufficient 
to prove that this effect was not random. This study 
was a pilot and at least 200 patients will be included 
in the future ones to be published. This was a prospec-
tive, randomized study approved by the local ethical 
committee of the RICID.  

Using the envelope method, the patients were 
randomized into one of two following groups: 

• Main group (CPB priming solution based 
on colloid/crystalloid solutions without red blood 
cell mass, 20 patients); 

• Control group (CPB priming solution based 
on colloid/crystalloid solutions with red blood cell 
mass, 20 patients)  

The patient characteristics are shown in Table 1.  
All patients received anesthesiological support 

according to the same local regimen. After the patient 
was moved to the operating room, peripheral vein 
catheterization was performed under local anesthesia. 
Anesthesia was induced by administering propofol 
2–3 mg/kg and fentanyl 5 mcg/kg. Pipecuronium 
bromide 0.1 mg/kg was used for muscle relaxation. 
Then tracheal intubation, central vein, radial artery 
and bladder catheterization were performed. At the 
beginning of the surgery, bolus injection of fentanyl 
5 µg/kg was done. Maintenance anesthesia included 
continuous infusion of propofol 2–4 mg/kg/hr and 
fentanyl 5 µg/kg/hr using infusomate, and sevoflurane 
inhalation at 1.0–1.5 MAC.  

Mechanical ventilation was performed using 
Datex-Ohmeda Avans (General Electric) semi-closed 
circuit (SIMV mode) under standard parameters in-
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cluding FiO2 = 0.25–0.3, Vt = 6–8 ml/kg; Pi = 10–15 
cm H2O; PEER = 5–8 cm H2O; Ti:Te = 1:2. CO2 in ex-
haled air was monitored. 

The CPB was performed according to the 
standard local procedure. The Maquet HL 20 
device was used. The Terumo Baby Fx-05 and 
Sorin Dideco D101 membrane oxygenators werre 
used. Priming volume was 300 ml for both types 
of oxygenators. The choice of oxygenator depended 
on the estimated perfusion volume rate on CPB 
machine. All patients received 15% mannitol 500 
mg/kg, 5% sodium bicarbonate 1.5 ml/kg, and 
heparin 6 units for each ml of the priming solution. 
The colloid fluid was 10% albumin 1 g/kg body 
weight (added only to the CPD machine). The 
crystalloid fluid was sterofundin, which volume 
was calculated as the difference between the total 
volume of priming solution and the rest of the 
components. Erythrocyte suspension 10 ml/kg 
with the removed WBC and platelets layer and 
storage time not exceeding 5 days was added. All 
patients received heparin 300 IU/kg with manda-
tory follow-up AST measurement prior to CPB. 
The composition of the priming volume in the 
groups is shown in Table 2. 

The CPB was performed with perfusion index 
of 3.0 L/min/m2 in normothermic mode (nasopha-
ryngeal probe temperature 37°C, without using pul-
satile mode). Gas mixture flow into oxygenator was 
approximately 2 times less than the perfusion volume 

rate. Oxygen fraction in the gas mixture was regulated 
according to acid base balance data and ranged be-
tween 40 and 60%. Blood CO2 tension was monitored 
using arterial blood analysis and controlled using 
the tidal volume of the gas mixture. 

For cardioplegia, the cold Custodiol solution 50 
ml/kg was used with exposure of at least 8 minutes. 
Cardioplegic solution was delivered in the antegrade 
direction into the aortic root. Special kits with Medtron-
ic heat exchanger were used to deliver the solution. 
The waste cardioplegic solution was aspirated into 
the cardiotomy tank of oxygenator. Excessive he-
modilution during cardioplegia and after it was 
avoided since during the whole CPB ultrafiltration 
aimed at elimination of excessive fluid perfusate was 
being performed. The Maquet BC 20 plus ultrafiltration 
column was used. Blood sampling for the column 
was performed from the arterial line, after its exit 
from the oxygenator for Terumo Baby Fx-05 and after 
the arterial filter for Sorin Dideco D101. Blood from 
the column was returned to the venous line at the 
connection point with the cardiotomy reservoir. Nec-
essary rarefaction for ultrafiltration was created by 
vacuum pump connected to the column.  

After completion of CPB, all patients underwent 
modified ultrafiltration with the same connection 
scheme for blood collection as in conventional ul-
trafiltration described above, but with return of 
concentrated blood into the cannula of inferior 
vena cava.  

Characteristic                                                                                                                                        Values in groups                                                P 
                                                                                                                                                           Main                                   Control                                    
Number of patients                                                                                                      20 (50%)                             20 (50%)                               1 
Male                                                                                                                                     7 (35%)                               9 (45%)                             0.52 
Female                                                                                                                               13 (65%)                             11 (55%)                            0.52 
Age (months)                                                                                                               15 [12–23.3]                      13 [11–21.3]                         0.27 
Height (сm)                                                                                                                    81 [76–86]                      75 [71.3–84.3]                       0.14 
Body weight (kg)                                                                                                      10.5 [9.2–11.3]                   9.2 [8.7–11.8]                       0.15 

Laboratory blood parameters before surgery 
WBC count, �109/l)                                                                                                   7.4 [6.6–7.9]                          7.5 [7–9]                            0.17 
RBC count, �1012/l)                                                                                                   4.6 [4.5–4.75]                       4.6 [3.9–5]                            0.7 
Hemoglobin, g/L                                                                                                   118.5 [115–121.3]              117 [112.8–119]                     0.29 
Hematocrit, %                                                                                                               36 [34–38]                          35 [33–37]                          0.34 
Direct bilirubin, µmol/l                                                                                           2.4 [2.1–3.3]                      2.9 [2.1–3.7]                         0.54 
Indirect bilirubin, µmol/l                                                                                        4.3 [2.5–5.5]                      4.5 [2.4–6.7]                         0.68 
Creatinine, µmol/l                                                                                                  38.5 [30.5–44.3]                 31 [24.3–43.3]                       0.23 
Urea, mmol/l                                                                                                               3.8 [3.4–4.3]                            4 [3–5]                              0.98 
Preoperative NGAL, ng/ml                                                                               49.19 [24.3–100.1]         45.98 [34.58–98.98]                   0.3 
Surgery 
Diagnosis 

ASD                                                                                                                             15 (75%)                             15 (75%)                               1 
VSD                                                                                                                              5 (25%)                               5 (25%)                                1 

Surgical approach                                                                                                                   
Median sternotomy                                                                                              14 (70%)                             15 (75%)                            0.85 
Lateral sternotomy                                                                                                 6 (30%)                               5 (25%)                             0.85 

Duration of surgery                                                                                                 196 [188–203]                   189 [181–200]                        0.3 
CPB duration (min.)                                                                                                  40.5 [33–47]                      45 [35–49.5]                          0.5 
Duration of aortic clamping (min.)                                                                   27.5 [20.3–33]                  29 [22.3 –36.3]                      0.59 

Table 1. Patient characteristics.

Note. Differences were considered significant at P<0.05. ASD — atrial septal defect; VSD — ventricular septal defect; CPB — car-
diopulmonary bypass; WBC — white blood cells; RBC — red blood cells; NGAL — neutrophil gelatinase-associated lipocalin
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After completion of modified ultrafiltration, the 
vacuum ultrafiltration of perfusate remaining in car-
diotome according to our original novel medical 
technique was done. After that, concentrated blood 
from ultrafiltration column was reinfused. This tech-
nique is necessary for maximum preservation of the 
patient's blood and allowed to maintain hemoglobin 
and hematocrit without transfusion. 

The study used several specific markers such 
as interleukin 1 (IL-1), interleukin 6 (IL-6), interleukin 
10 (IL-10) and tumor necrosis factor alpha (TNF-α), 
whose concentration in blood serum, according to 
literature data, can objectively assess the intensity 
of SIR [1, 15]. 

Blood test for measurement of the above-men-
tioned markers was performed at three time points 
points. FThe first, when the patient was admitted to 
the operating room, after the main vein catheteriza-
tion, before the surgery. The second, immediately 
after CPB. The third, 16–18 hours after the surgery. 
Blood sampling was performed from the central ve-
nous catheter in the internal jugular vein.  

In the perioperative period several laboratory 
and instrumental parameters were monitored during 
surgery and 16–18 hours after it. The results obtained 
at three time points are presented in the tables. The 
«before surgery» values were recorded after the central 
venous catheter placement, the «during CPB» values 
were registered 15 minutes after CPB initiation, and 
the «end of surgery» values were observed after the 
skin suturing. 

Compliance between tissue oxygen delivery 
and consumption was assessed using venous blood 
saturation, blood lactate measurement and cerebral 
oximetry (rSO2), the pulse oximetry (SpO2) data were 
also evaluated. Renal function was monitored using 
urea and creatinine levels on day 1 post surgery and 
the neutrophil gelatinase-associated lipocalin (NGAL) 
level (marker of renal damage) [16]. Liver function 
was monitored using the direct and indirect bilirubin 
levels. The early postoperative period was evaluated, 
in addition to all of the above, by measurement of 
drainage losses, duration of ventilation and ICU stay, 
frequency of use and dosage of inotropic drugs. Ep-
inephrine 0.05 µg/kg/min was used as the inotropic 
agent. The groups did not differ significantly in the 
duration of hemodynamic support. Polyionic solution 
(Sterofundin) and 5% glucose (1:1) were used for in-
travenous fluid therapy. The volume of intravenous 
fluid and urine output were assessed during 16 hours 
after the surgery.  

Statistical analysis was done using the BioStat 
Pro 5.9.8 software. The nonparametric statistics 
was mostly employed due to non-normal distribu-
tion of variables as determined by Shapiro–Wilk 
criterion at P<0.05. Data were presented as median 
(Me), upper (Q1), and lower quartiles (Q3). Com-
parative analysis of quantitative variables was per-
formed using Mann–Whitney test [17]; Wilcoxon 
criterion was used for paired variables. Comparative 
analysis of qualitative variables was performed 
using a 2�2 contingency table and Chi-square test 
for absolute values. Differences were considered 
significant at P<0.05.  

 

Results and Discussion 
The intraoperative values in both groups are 

compared in Table 3. Hemoglobin and hematocrit 
values were significantly higher during and after 
CPB in the control group patients received the RBC 
mass. However, despite the risk of hemic hypoxia 
in the main group, oxygen delivery and consumption 
values were within the reference range. Venous 
blood saturation did not differ between the groups 
during the CPB, but was different at the end of sur-
gery (71% [69.8–73] vs 73% [71.8–77], P=0.01), with 
higher values in the control group. Meanwhile, the 
blood lactate level did not differ between the groups 
at both time points. Monitoring of oxygen status 
showed that values of pulse oximetry at all time 
points also did not significantly differ. When assessing 
the risk of cerebral perfusion disorders, we found 
that the intergroup difference according to NIRS 
monitoring results was seen only at the end of the 
surgery. Current research in this area emphasizes 
the importance of the change in the NIRS monitoring 
parameters versus baseline rather than their absolute 
values. Thus, a decrease by 20% [18], and according 
to some data, even by 10% [19] of NIRS values vs 
the baseline appears to be dangerous, which was 
not observed among the studied patients.  

The postoperative parameters are characterized 
in Table 4. Hemoglobin and hematocrit levels did 
not change compared with the intraoperative period, 
being significantly higher in the transfusion group, 
as well as the red blood cell count. Similarly, venous 
blood saturation was higher in the controls than in 
the main group: 76.5% [73 to 80] vs 70% [68.8 to 
73.3], respectively (P=0.001), with no difference in 
blood lactate level. In addition, the groups differed 
in blood leukocyte counts, 8.5*109 [7.9–11.1] and 

Priming component, ml                                                                                                      Mean volume in groups, ml                                     P 
                                                                                                                                                           Main                                   Control                                   
Sterofundin                                                                                                           199.1 [192.2–212.8]        166,8 [154.2–174.9]                  0.08 
Mannitol, 15%                                                                                                         34.,0 [29.4–36.3]               29,7 [27.9–32.5]                     0.05 
Sodium bicarbonate, 5%                                                                                      15.5 [13.7–16.5]               13,5 [13.0–14.8]                     0.06 
Albumin, 10%                                                                                                           51.5 [44.5–55.0]                             —                                    — 
RBC suspension                                                                                                                   —                             90 [84.5  98.5]                        — 

Table 2. The priming composition of CPB circuit in the groups.
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10.8*109 [9.3–12.8] (P=0.013), with higher values 
among patients who received red blood cell mass 
intraoperatively. Direct bilirubin concentrations did 
not differ between the groups, and indirect bilirubin 
levels were higher in the controls being 9.5 µmol/L 
[4.9–13] vs 3.8 µmol/L [2.7–4.9] (P=0.013). Although 
bilirubin level was within the reference range in 
both groups, significant increase of indirect bilirubin 

the control group was probably due to hemolysis 
of donor erythrocytes [20], rather than any liver 
damage. Postoperative blood creatinine levels were 
26.5 µmol/L [19.8–31] in the main group and 32.5 
µmol/L [26–40] in the control group (P=0.015). 
Blood urea level was 3.7 mmol/L [3.1–4.9] in the 
main group vs 4.5 mmol/L [4– 5.5] in the controls 
(P=0.032). The NGAL concentration did not differ 

Parameter                                                                                                                                                Values in groups                                                P 
                                                                                                                                                           Main                                   Control                                    

Laboratory  
Hemoglobin during CPB, g/l                                                                                87 [81.0–91.3]                   92 [87.3–97.3]                      0.008 
Hematocrit during CPB, %                                                                                  25,5 [24.0–27.0]                 29 [27.8–31.0]                    ˂0.001 
Hemoglobin at the end of surgery, g/l                                                         106.0 [101.8–110.3]        130.5 [104.0–125.5]               ˂0.001 
Hematocrit at the end of surgery, %                                                                  31.5 [30–33.3]                 40.0 [38.8–41.5]                  ˂0.001 
Venous blood oxygen saturation during CPB, %                                         85.0 [83.8–89.0]               88.5 [86,0–90.0]                     0.26 
Venous blood oxygen saturation at the end of surgery, %                      71.0 [69.8–73.0]               73.0 [71.8–77.0]                     0.01 
Blood lactate during CPB, mmol/l                                                                       1.5 [1.3–1.8]                      1.5 [1.2–1.9]                         0.87 
Blood lactate at the end of surgery, mmol/l                                                     1.5 [1.3–1.7]                      1.5 [1.2–1.7]                         0.46 
Preoperative NGAL, ng/ml                                                                                49.2 [24.3–100.1]              46.0 [34.6–99.0]                      0.3 

Monitoring  
Preoperative SрО2, %                                                                                            97.0 [90.5–98.0]               98.0 [95.5–98.5]                     0.33 
SрО2 at the end of surgery, %                                                                             99.0 [98.0–99.0]              99.0 [99.0–100.0]                    0.03 
Preoperative rSO2, %                                                                                             65.0 [61.5–73.5]               67.0 [61.5–70.5]                     0.77 
rSO2 during CPB, %                                                                                                83.0 [80.5–86.5]               85.0 [81.5–87.0]                     0.40 
rSO2 at the end of surgery, %                                                                              70.5 [69.8–75.0]               77.0 [74.5–78.0]                    0.008 

Inotropic drug use 
Number of patients on inotropic drugs                                                                 4 (20%)                               5 (25%)                              0.7 

Water balance  
Intravenous infusion volume, ml/kg                                                               15.6 [13.5–16.4]               15.7 [12.8–17.4]                     0.31 
Urine output, ml/kg                                                                                                11.0 [9.0–12.4]                  10.5 [9.3–12.3]                      0.43 
Ultrafiltration volume during CPB, ml/kg                                                     11.0 [10.1–13.3]               11.7 [10.2–13.5]                     0.37

Table 3. Intraoperative parameters in the studied groups.

Note. The volume of intravenous fluid and urine output were monitored during the intraoperative period. For intravenous infusion, 
a polyionic solution (Sterofundin) was used. SрО2 — blood oxygen saturation; rSO2 – regional tissue oxygen saturation. Differences 
were considered significant at P<0.05.

Parameter                                                                                                                                                Values in groups                                                P 
                                                                                                                                                           Main                                   Control                                   
Laboratory parameters 
Hemoglobin, g/l                                                                                                   101.0 [98.8–107.0]         124.0 [113.0–127.0]               ˂0.001 
Hematocrit, %                                                                                                          30.0 [29.0–32.0]               34.0 [33.0–36.0]                  ˂0.001 
Oxygen saturation in venous blood, %                                                           70.0 [68.8–73.3]               76.5 [73.0–80.0]                  ˂0.001 
Blood lactate, mmol/l                                                                                             1.2 [1.1–1.35]                    1.2 [1.08–1.3]                       0.67 
RBC count, �1012/l                                                                                                     3.8 [3.6–4.1]                      4.8 [4.5–5.0]                      ˂0.001 
WBC count, �109/l                                                                                                    8.5 [7.9–11.1]                   10.8 [9.3–12.8]                     0.013 
Direct bilirubin, µmol/l                                                                                           2.9 [2.2–3.2]                      3.3 [2.3–4.4]                         0.29 
Indirect bilirubin, µmol/l                                                                                        3.8 [2.7–4.9]                     9.5 [4.9–13.0]                     ˂0.001 
Creatinine, µmol/l                                                                                                  26.5 [19.8–31.0]               32.5 [26.0–40.0]                    0.015 
Urea, mmol/l                                                                                                               3.7 [3.1–4.9]                      4.5 [4.0–5.5]                       0.032 
Postoperative NGAL, ng/ml                                                                              87.3 [41.3–159.1]             74.5 [49.5–136.2]                    0.46 
Monitored parameters 
Drainage loss on Day 1 after surgery, ml/kg                                                 54.6 [46.4–84.0]               68.0 [53.3–82.4]                      0.3 
Duration of stay in the ICU, hours                                                                   23.5 [21.0–29.0]               23.0 [21.8–41.5]                     0.97 
Duration of mechanical ventilation, hours                                                      7.0 [6.0–8.0]                      8.0 [6.8–9.0]                         0.34 
Inotropic drugs 
Number of patients on inotropic drugs                                                                4 (20 %)                              5 (25 %)                              0.7 

Water balance 
The volume of fluid infusions during ICU stay, ml                                    64.0 [6270–69.2]               61.0 [59.4–64.9]                      0.1 
Urine output during ICU stay, ml                                                                     24.0 [22.0–26.5]               28.0 [22.5–30.0]                     0.08 

Table 4. Postoperative parameters in the studied groups.

Note. The table shows parameters recorded on the day following the surgery. The duration of mechanical ventilation was defined 
as the time from the moment of intubation to the moment of extubation and initiation of spontaneous breathing. The volume 
of fluid infusions included intravenous + enteral fluid intake. Differences were considered significant at P<0.05.
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between the groups before surgery (49.19 ng/mL 
[24.3–100.1] vs 45.98 ng/mL [34.58–98.98] for the 
main and control groups, respectively) and 16 hours 
after surgery (87.3 ng/mL [41.3–159.02] vs 74.5 
ng/mL [49.46–136.15], respectively). The increase 
in NGAL level on the next day after surgery was sig-
nificant for both main (P=0.036) and control 
(p=0.039) groups. There were no differences between 
the groups in the volume of drainage loss, duration 
of mechanical ventilation and ICU stay, as well as 
the frequency of inotropic drugs administration.  

The IL-1 level peaked at the 2nd time point 
(after completion of CPB) (2.86 ng/mL in the main 
group and 3.3 ng/mL in the control group) for both 
groups, and was significantly higher (P<0.001) than 
the baseline values (2.57 ng/mL in the main group 
and 2.58 ng/mL in the control group). Sixteen hours 
after surgery, the concentration of this marker de-
creased while remaining significantly higher than 
the baseline values (2.72 ng/mL in the main group 
and 2.82 ng/mL in the control group) (P<0.001). In-
tergroup comparison revealed a significant difference 
only at 2nd time point (P=0.003) with a higher IL-1 
concentration in the group which underwent trans-
fusion.  

The peak IL-6 concentration, unlike the pre-
vious marker, was found at the 3rd time point 
for both groups. Blood levels of IL-6 were signif-
icantly higher in the main and control groups 
compared with baseline values (2.47 ng/mL and 
2.64 ng/mL, respectively), both after completion 
of CPB (29.1 ng/mL in the main group and 27.58 
ng/mL in the controls) and the morning after 
surgery (31.56 ng/mL in the main group and 
48.91 ng/mL in the controls) (P<0.001). There 
was a trend towards differences in this parameter 
between the groups at 3rd time point (P=0.087).  

The level of IL-10 significantly increased vs 
baseline values (0.62 ng/mL in both main and con-
trol groups) after completion of CPB (7.92 ng/mL 
in the main group and 8.78 ng/mL in the control 
group, P<0.001). However, on the following day in 
the main group no significant difference from the 

baseline value was observed (0.69 ng/ml, P=0.49), 
unlike the control group, where the value was sig-
nificantly higher (0.8 ng/ml, P=0.006). An intergroup 
difference was revealed 16 hours post surgery: IL-
10 level was significantly higher in the control 
group (P=0.005). After CPB completion, only a 
trend to an increase in this parameter was found 
(P=0.07).  

The levels of TNF-α did not differ between pa-
tient groups at the first measurement (1.29 ng/mL 
in the main group and 1.21 ng/mL in the controls, 
P=0.19). Maximum concentration of the cytokine 
was recorded at the second timepoint in both groups 
(1.33 ng/ml in the main group and 1.81 ng/ml in 
the control group). Main group values, however, 
did not differ significantly versus baseline (P=0.21), 
unlike the control values (P=0.006). At timepoint 3, 
TNF-α values in the main group did not differ from 
baseline. TNF-α concentration after CPB completion 
was significantly higher in the group using red 
blood cell mass than in the main group (P=0.034).  

From the perspective of SIR development, it is 
important that the WBC count (an indicator of in-
flammation) was significantly higher in the trans-
fusion group during early postoperative days (Table 
5). When analyzing the changes in specific SIR 
markers, such a difference becomes evident: 3 of 
the 4 markers studied (IL-1, IL-10 and TNF-α) had 
higher levels in the group receiving red blood cell 
mass immediately after the completion of CPB. 
This relationship with transfusion has its own ex-
planation: any component of donor blood is a 
foreign agent for the patient's immune system and 
the activation of the inflammatory response is quite 
natural, as shown in many recent studies [21–23].  

The study did not find any other negative se-
quelae of transfusion, except for higher SIR. Other 
publications, however, discuss the risk factors of 
transfusions that include increased mortality due 
to infections, lung damage [24, 25] and even post-
operative delirium [26, 27]. Our study posits that 
the development of techniques to reduce the peri-
operative use of donor blood components is prom-

Parameter                                                                                                                                                Values in groups                                                P 
                                                                                                                                                           Main                                   Control                                   
IL-1b BS, pg/ml                                                                                                           2.6 [2.2–2.8]                      2.6 [2.5–3.0]                         0.16 
IL-1b ES, pg/ml                                                                                                           2.9 [2.7–3.1]                      3.3 [3.2–3.5]                       0.003 
IL-1b 16 hours after surgery, pg/ml                                                                     2.7 [2.6–3.1]                      2.8 [2.7–3.1]                        0.46 
IL-6 BS, pg/ml                                                                                                             2.5 [2.4–2.7]                      2.6 [2.4–5.9]                         0.21 
IL-6 ES, pg/ml                                                                                                          29.1 [15.5–40.6]               27.6 [16.9–48.5]                    0.18 
IL-6 16 hours after surgery, pg/ml                                                                    31.6 [26.8–48.9]               48.9 [33.9–57.6]                   0.087 
IL-10 BS, pg/ml                                                                                                           0.6 [0.6–0.7]                      0.6 [0.6–0.9]                         0.39 
IL-10 ES, pg/ml                                                                                                          7.9 [4.5–12.1]                   8.8 [5.6–38.5]                       0.07 
IL-10 16 hours after surgery, pg/ml                                                                     0.7 [0.6–0.8]                      0.8 [0.8–1.4]                       0.005 
TNF-α BS, pg/ml                                                                                                        1.3 [1.1–1.5]                      1.2 [1.2–1.3]                         0.19 
TNF-α ES, pg/ml                                                                                                        1.3 [1.3–1.8]                     1.81 [1.4–3.3]                      0.034 
TNF-α 16 hours after surgery, pg/ml                                                                  1.2 [1.1–1.6]                      1.3 [1.2–1.9]                          0.1 

Table 5. Changes in SIR markers.

Note. BS — before surgery; ES — end of surgery. Differences were considered significant at P<0.05.
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ising that corraborates current trends in cardiac 
anesthesiology [28]. 

Conclusion 
There is strong evidence of safety and effec-

tiveness of cardiopulmonary bypass without the 

use of donor blood components to reduce the 
severity of the systemic inflammatory response in 
children during correction of septal congenital heart 
disease.
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